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Evaluation the efficiency of maize haploid identification with
High-Qil Inducers CHOI1 and CHOI3
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Abstract The objective of this study was to systematically evaluate the efficiency of haploid identification by oil
content (OC) with new High-Qil Inducers. Ten hybrids were induced by two High-Oil Inducers CHOI1 and CHOI3 with
OC 8.71% and 8.72% respectively in Beijing and Hainan. The haploid identification by OC and R7-nj markers were
evaluated and compared. The results showed that the accuracy rate (AR) of OC system, which was not influenced by
environments, was higher than that of R7-nj system. When OC system was used to identify haploids induced by CHOI1
and CHOI3, the difference in the mean OC of haploids and crossing seeds were respectively 2.21% and 2.02% and the
ranges of variation were 1.86% —2.63% and 1.54% —2.46% ,respectively. The haploid induction rates were 8.30%
and 8.59% ,with ranges of 6.25%-10.40% and 5.81%-11. 19% , respectively. When indexes mean () + 1.645 x
standard deviation (s) was used as the oil content threshold value to classify the haploids induced by CHOI1, the ARs
were all beyond 90% . In addition, the missing rates were all below 10% . The ARs of all the crosses were more than
90% by using 4% seed oil as the general threshold.

Keywords maize; haploid; oil content; R7-nj marker; High-Oil Inducer
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Table 1  Oil content and genetic backgrounds of different hybrids

Pk i 43 5 4 B/ V6 WA 5

Hybrids Mass percent of oil content Genetic background
B 7-2X 3 853 3.5740. 49 JE U3k X JE PO 3k
£ 9801 X K12 2.9440. 45 R O SP- 3k R S 3k
B73 X #5 58 3.3140.48 T i < B
H 58X 8112 3.6140.47 B il X B il
137 X 87-1 3.6840. 41 PB B X PB B
I 137 X #F 3130 3.6140.47 PB B X PB £
P 178 X P138 3.6540.51 PB B X PB
o4t 11 X Mol7 3.4840.49 22 e TR X 2% B
F1 340 X E28 4.0240.42 AR 1 AR
FF 340 X ¥ 22 4,1140. 44 il R 2T X R A4
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Table 2 Kernel types of haploids and crossing seeds

NIRRT & ¢
Number of seeds with different ploidy

AR Tl 23 B0 {EL R R £ H

Number of seeds below oil threshold

& T A3 B AT R H
Number of seeds beyond oil threshold
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LI A3 5 W AN AEAE 1 35 25 5 LI 46 N &5 %
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FERLI A3 & 8 A5 5 RE 3 5 77 28 I A AR R
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Table 3 Variation analysis of oil content for haploid

R33! H HiEE - A Yo7 F {4 I 2o

Sources DF SS Mean square  F value Pr>F
ok 9 45.681 57  5.075 730  135.27  <C0.000 1
HIFR 1 0.095 17  0.095 172 2.54 0.112 1
78 1 0.143 26 0.143 262 3.82 0.0515
MBEX T R 9 1.454 11 0.161 568 4,31 <<0. 000 1
4 X RS 9 0.456 88  0.050 764 1.35 0.208 3
%S R X 1 0.000 380  0.000 380 0.01 0.919 9
R XS R X HE 9 1.281 76  0.142 418 3. 80 0.000 1

4 —_FEHREHFHBSFESH
Table 4 Variation analysis of oil content for diploid crossing seeds

=S 3 H V5 ¥y F1{H P

Sources DF SS Mean square F value Pr>F
4k 9 78.166 390  8.685 155  149.97  <C0.000 1
BT R 1 10. 246 400 10.246 400  176.92  <C0.000 1
7813 1 0.094 864  0.094 864 1. 64 0.201 4
MEEX ST R 9 4.828 044  0.536 449 9.26  <C0.000 1
R X 3R 85 9 2.009 411  0.223 268 3.86 0.000 1
FEEE XK 1 0.142 884  0.142 884 2.47 0.117 1
MR X 55 R X B 9 0.990 341  0.110 038 1. 90 0.050 8

KPR 5 AT URORF R 4 B 22 S o S R
2.21% R HE K 1.86% ~2.63% ., SR Y
fHR 8. 30%, 78 Sy Bl A 6. 250 ~ 10. 40%; 1fif
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Table 5 Comparison oil content (OC) of haploid (H) and diploid crossing (C) seeds in
different crosses induced by two high oil inducers %
AR Kk H AEFE AL A ST HF KL e AEFE AL 43 ¥ (8- —_
; ; ; v Uil &
A A Sy ¥ME £ bt B s Sy ¥ME £ i i} BRI 4 (A Hanloid
N - o i . . aploi
Male PR 2= 0 [ PR e 0 Difference in the ) ]
Female parent induction
parent Mean of H Range of Mean of C Range of mean OC of H and
rate
OC#+SD C seeds OC  seeds OCESD C seeds OC C seeds
B 7-2X35 853 3.514+0.52 2.02~4.53 5.61£0.52" 4.05~7.37 2.10™ 6.25
£ 9801 X K12 2.9140.45 2.01~4.03 5.12£0.51" 3.95~6. 87 2.21™ 7.67
B73 X £ 58 3.44+0. 36 2.43~4.10 5,4740.59" 3.96~7.63 2.03™ 7.71
R 58X 8112 3.75+0.54 2.32~4.89 5.86+0.64" 4.26~8.04 2.10™ 9.04
CHOI Wo137 X 87-1  4.00£0. 41 2.79~4.96 5.87+0.56" 4.27~7.64 1.86"" 8.68
137X P} 3130 3.70+0. 41 2.49~4.66 5.7240.51 4. 24~7.31 2.02™ 8. 11
P} 178 X P138 3.70+0.35 2.45~4.55 6.33£0.49" 4.58~7.89 2.63" 10. 40
JEHt 11 X Mol7 3.524+0. 46 2.15~4.55 5.62+0.44" 4.43~7.06 2.10™ 9. 06
F} 340 X E28 4,0840.53 2.13~5.19 6.53+0.79 4.42~8.75 2,45 7.80
FF 340 X H 22 4,08=£0.49 2.62~5.17 6.64=+0.67" 4.81~8.77 2.567 8.32
B 7-2X35 853 3.344+0.51 1.94~4.68 5.30%0.50 3.75~6.56 1.96™ 5.81
£ 9801 X K12 3.0140.49 1.94~4.21 4.9240.51 3.62~6.69 1.91™ 8.67
B73 X £ 58 3.37£0.41 2.28~4.15 5.4140.58 4,08~7.51 2.04™ 7.55
R 58X 8112 3.72+0.52 1.96~4.85 5.6140.56 4,08~7.41 1.89™ 8.51
w137 X 87-1 3.81+£0. 31 2.57~4.83 5.35%+0.47 3.92~6.78 1.547 10. 18
CHOI3
137X P} 3130 3.81+0.31 2.57~4.83 5.8340.52 4.48~7.50 2.02" 9.74
P} 178 X P138 3.74+0. 36 2.52~4.58 6.20%0.51 4.61~7.82 2.46" 11.19
JEHt 11 X Mol7 3.464+0. 43 2.17~4.33 5.384£0.47 3.82~7.00 1.92™ 7.99
F} 340 X E28 4.1140.43 2.37~4.96 6.54+0.78 4.33~9.07 2,447 7.78
FF 340 X F 22 4,13£0.42 2.80~4.85 6.11£0.73 4.43~8.61 1.98™ 8.52

T s as & A ALG 2 SCRFRL A A5 A Il o3 A RE 5 i 0 I E RIS 5 b 2 ME R R IB S5 BAT AR 4r 2 W BN R . 2 MEFRIB
TS5 AR SCRPRLIN 23 7 b 1 AR 5 o, e PIFROR P {E 0.05,0.01,0. 001 i 2%,

Note:a,significant test of oil content in different crosses of hybrid and haploid kernels;b, significant test of oil content of haploid kernels

induced by two inducers;c,significant test of oil content of hybrid kernels induced by two inducers; * , ** and *** indicate significant

differences at P=0.05,P=0.01,P=0. 001, respectively.
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Table 6 Haploid accuracy rate (AR) and missing rate (MR) of different crosses at three oil content threshold %

N B 15 {EL 1 I 1% 1= {EL T T i I {EL HER Wit
Male (pt1.6456) R K (p11.9600) xR R (p12.576) xR xR
Female parent
parent Threshold AR MR Threshold AR MR Threshold AR MR
B 7-2 X35 853 4. 38 96.75 6.05 4.53 93.21 2.33 4. 83 78.82  0.00
£ 9801 X K12 3.68 100. 00 6.99 3.82 100. 00 2.57 4. 10 96.79  0.00
B73 X # 58 4.10 93.65 0. 00 4,25 90. 01 0. 00 4.55 74.69 0. 00
S 58X 8112 4. 38 98. 47 9.27 4,53 96. 77 4,92 4,82 84.72  0.60
137X 87-1 4. 35 98. 37 4. 35 4,48 95. 84 2.77 4.74 90. 89 0. 00
CHOI1
W 137 X FF 3130 4. 38 95. 84 3. 14 4,53 93. 36 1.57 4. 82 76. 44 0. 00
#F 178 X P138 4,32 100. 00 0. 00 4. 45 99.52 0. 00 4.71 99.05  0.00
FHT 11 X Mol7 4.29 100. 00 3. 81 4. 44 99. 40 1.43 4. 74 90. 87 0. 00
340 X E28 4.92 95.78 9.96 5.08 92.37 4.98 5.39 81. 40 0.33
FF 340X 22 4.83 99. 38 7.02 4.97 99. 40 3. 86 5.24 91.55 0. 00
B 7-2X 853 4. 38 84.11 1. 96 4.53 80. 47 1.47 4. 83 57.07 0.49
£ 9801 X K12 3.68 99. 36 8.48 3.82 92.50 4.95 4. 10 77.65 1.79
B73 X ¥ 58 4.10 99. 21 0. 85 4,25 90. 70 0. 00 4.55 64. 44 0. 00
B 58X 8112 4,38 91. 46 7.81 4,53 86. 15 4,46 4,82 69.25  0.37
137X 87-1 4. 35 90. 42 3.55 4,48 81. 80 2.03 4.74 65.49 0. 00
CHOI3
W 137X ) 3130 4. 38 100. 00 7.17 4.53 99. 48 2.95 4. 82 91.67  0.42
PYF 178 X P178 4,32 100. 00 3.48 4. 45 100. 00 0. 95 4.71 99.51  0.00
FHT 11 X Mol7 4.29 95.99 1. 24 4. 44 91. 88 0. 00 4.74 69. 37 0. 00
340 X E28 4.92 87.12 5.28 5.08 79.71 0.99 5.39 69.55 0. 00
FF 340 X 22 4.83 80.51 0.71 4.97 74.96 0. 00 5.24 60. 59 0. 00
2.3 MoRICEERERMBEEIRICEETRENR 3 i ®
: T

B b 52

XoF Y1 43 B T 38 AL A T S S B Y 2 B ik
HEAT T HAS . T A ik v L 2 R ) R R X T
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1. 6450 1E M BIME ., Z5RELMAEFE TR CHON =4
9 10 NG v I 20 B 10 28 0 SRS AR E A R 3 T
B ARICTE W UHER R, S R CHOI A WA S
R A B 7-2 X3 853 Ab, HAh 9 AN G il A
O PR A ME B R Y T s AR A 0 TR R A R
QI v N A s =R 1 B 7 S S T B T a9
AR B TR R T s R bR G HERR R SR
% CHOIL iy %@ Werfi 25 T CHOI3 (1 i 2%

3.1 BEERETEFENLILR
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5 6 1 FOTSE ., EREMAEES R CHOI Al CHOI3 By 8 A% 1K % 2 3R 3T - 7
RT ARAEXECEERABSBETREFLEETEBEMFER
Table 7 Haploid accuracy rate (AR) and missing rate (MR) of
different crosses at general threshold %
2k B p=4.0% B p=4.2%
Male P 4?974: HER R T 18 22 T 1ff 22 bl pries
emale parent
parent AR MR AR MR
B 7-2X 7 853 100. 00 18. 60 100. 00 6.98
£ 9801 X K12 98.91 0. 00 96. 11 0.00
B73X ¥ 58 99. 03 0. 00 93.18 0.00
# 58X 8112 100. 00 35.05 100. 00 22. 36
CHOLL 137X # 87-1 100. 00 24.51 100. 00 10. 28
137 X+ 3130 100. 00 19. 37 100. 00 10. 99
1 178 X P138 100. 00 19. 34 100. 00 4,25
Jedi 11X Mol7 100. 00 18.57 100. 00 7.14
340 X E28 100. 00 54. 82 100. 00 39. 87
P 340 X H 22 100. 00 54. 04 100. 00 39. 30
E 7-2X 7 853 94. 92 8.33 89. 24 2.45
£ 9801 X K12 90. 34 0.45 75. 89 0.89
B73 X 58 100. 00 0.71 97. 10 0.00
¥ 58X 8112 100. 00 29. 00 100. 00 29. 00
CHOLS 137 X # 87-1 100. 00 52.79 93. 37 7.11
137 X J+ 3130 100. 00 27. 00 100. 00 13.50
Y 178 X P178 100. 00 25. 95 100. 00 7.59
o4t 11X Mol7 98. 59 13. 04 96. 34 1. 86
340 X E28 100. 00 63. 70 100. 00 48.51
FF 340 X # 22 100. 00 61.79 100. 00 50. 00
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RO ARBEFE T R AL T SR NRRIE R S SRR Sl i 4 000 E R
P VR T T MR A SR BRI S L W T B B A MR R B T 9000 (HR
IR BOZRSSHERLIN 2> BOAR ME 22O A IR METE Y B AR 2 S R R I S R Y T R
RIS 4 R NS SR k% S 11 R P R R R R0 0 B 1026 i — R 5 R E el



5 6 3]

HUFEE, TR MMIES R CHOIL I CHOIS i 245 14 % 2 3 R ATy 9

T A7 BT e SO O ) o M R O B I
PR K R SR AET 9 A 1 SHE

4 & B

5 AR bR IC ik A L T AR D 4 8 OK B IR
MHERR 0 . AR RSB E N o+ 1. 6456
B2 A5 R AT RS WA R 3 & T 8000 I ik
FALTF 10% , T H A 050 0 46 8y ELIR AL . 5
% CHOIl W %R0 = T CHOI3 [y MR R, 5 LA
4.0 Y0 B FFRLIH 43 Ay 38 FH BIAE  r A I 4 A mT Lk
2 902 LA L S I HERG R . 454 A sh by %00k
2 B — AR I AL T R 0 N A B T S B R b
() AT A1 5 SRS O A L iF — 2D B T AR F AR
MR

S X2 3@k References

(1] BRI, B 28 1L RS R E R R ML et hE R
A K M 5 2009
Chen S J.Li L.Li H C. Maize Doubled-Haploid Technology
[M]. Beijing: China Agricultural University Press, 2009 (in
Chinese)

[2] EJoHh, kB4 BRF, AR, KT XN PR, 8 A
SRR A NKory 1928 & Kok 5% i b b R 2G0T, A @ A
A ,2016(2) :54-55
Wang Y D.Zhang H S,Duan M X.Zhang C Y.Zhang X Y.Liu
X X,Chen C Y, Zhao J R. Breeding and cultivation techniques
of new maize variety NK971[J]. China Seed Industry, 2016
(2):54-55 (in Chinese)

(3] SRMEH. ™ O BT R A ) 3 K5 o A i B 50 T o 7 PR Tl A
[J]. ¥ BE A= . 2016, 31(7)

Zhang Y Q. A new maize variety Yu Dan 50 with high yield,
good quality and large ears was approved by Chongqing[]].
Plant Doctor ,2016,31(7) (in Chinese)

[4] Nanda D K, Chase S S. An embryo marker for detecting
monoploids of maize (Zea mays L)[J]. Crop Science,1966,6
(2):213-215

[5] Prasanna B M, Chaikam V. Mahuku G. Doubled Haploid
Technology in Maize Breeding: Theory and Practice [ M].

L6l

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Mexico, D. F: Centro Internacional de Mejoramientode Maizy
Trigo Press,2012

Rober F K, Gordillo G A, Geiger H H. In wivo haploid
induction in maize-performance of new inducers and
significance of doubled haploid lines in hybrid breeding [ ]J].
Maydica,2005,50(3) :275-283

R8T A [R) W R D oo i 43 00 6 by LI 00T S S K A A
(I, #4234, 2003,29(4) :587-590

Chen S J,Song T M. Identification haploid with high oil xenia
effect in maize[ J]. Acta Agronomica Sinica ,2003,29(4) ;587
590 (in Chinese)

Melchinger A E, Schipprack W, Wiirschum T, Chen S,
Technow F. Rapid and accurate identification of in wvivo-
induced haploid seeds based on oil content in maize [ ] ].
Scienti fic Reports ,2013,3(3):2129

LiuJ,Guo T T,Li H C,Jia S Q,Yan Y L, An D, Zhang Y,
Chen S J. Discrimination of maize haploid seeds from hybrid
seeds using vis spectroscopy and support vector machine
method[J]. Spectroscopy & Spectral Analysis,2015,35(11) .,
3268-3274

Dong X, Xu X, Li L, Liu C X, Tian X L, Li W, Chen S J.
Marker assisted selection and evaluation of high oil in vivo
haploid inducers in maize[ ] ]. Molecular Breeding , 2014, 34
(3):1147-1158

Antoine-Michard S, Beckert M. Spontaneous versus colchicine-
induced chromosome doubling in maize anther culture[]].
Plant Cell , Tissue and Organ Culture ,1997,48(3) :203-207
Barret P,Brinkmann M, Beckert M. A major locus expressed in
the male gametophyte with incomplete penetrance is
responsible for in situ gynogenesis in maize[ ] ]. Theoretical
and Applied Genetics »2008,117(4) :581-594

Li L, Xu X, Jin W, Chen S J. Morphological and molecular
evidences for DNA introgression in haploid induction via a high
oil inducer CAUHOI in maize[ ]J]. Planta,2009,230(2):367-
376

Zhao X, Xu X, Xie H, Chen S, Jin W. Fertilization and
uniparental chromosome elimination during crosses with maize
haploid inducers[ ] ]. Plant Physiology ,2013,163(2):721-731
Belicuas P R, Guimaraes C T,Paiva L. V,Duarte ] M, Maluf W
R,Paiva E. Androgenetic haploids and SSR markers as tools
for the development of tropical maize hybrids[]J]. Euphytica,

2007.156(1-2) :95-102
WAESR B B e



